Although the role of aerobic exercise in multiple sclerosis (MS) is often debated, there has been little academic study in this important area. We performed a controlled study on the role of cardiovascular fitness in 50 people with clinically definite MS (25 subjects and 25 controls). The study was organized to allow each participant ample opportunity to achieve fitness. The results indicate that, despite popular medical opinion, aerobic exercise, when performed appropriately, does not increase disability; rather, there was a modest (10%) increase in fitness, which was measured as work load achieved. Low-disability individuals tend to become fit more easily than high-disability ones. Future investigations of the role of fitness on the course of MS and the quality of life of those with the disease are clearly indicated.
Muscular weakness, impaired coordination, and intolerance to heat are known to impair exercise performance in persons with multiple sclerosis (MS). Consequently, clinicians often advise against aerobic exercise. However, improved aerobic fitness can be achieved in healthy people by exercising continuously at 60-80% of VO~ max for greater than 20 min a day three to five times per week. This level of exercise reduces body fat, lowers blood pressure, decreases the risk of myocardial infarction, increases skeletal mineralization, restores alertness, improves mental status, and decreases depression (1) . These effects have also been shown in chronic renal disease and in the aging population (2) (3) (4) (5) (6) . The question remains whether similar improvements can occur in persons with MS in whom the role of cardiovascular fitness has not been well studied.
Fitness testing for individuals with neurologic disability has not been well developed. Metabolic and physiologic studies of paraplegics exercising upper extremities have demonstrated that the small muscle mass in the upper extremities in comparison to the lower extremities imposes an upper limit to aerobic performance (7, 8) . Thus, with significant lower extremity disability, it may not be possible to increase metabolic rate sufficiently to improve aerobic fitness.
In MS, impaired coordination may not allow the regular rhythmic movement required to achieve aerobic fitness. Increased muscle tone, spasms, and cramps may also interrupt the exercise program. Along with these impediments is the problem of increased body temperature, which decreases current density at the nodes of Ranvier, impairing saltatory nerve conduction. All these factors contribute to fatigue and increased muscle weakness.
The cardiopulmonary, psychological, and general benefits of aerobic exercise, as well as the impact of active exercise upon the signs and symptoms of MS, require further study in depth. This has been occurring at the Jimmie Heuga Center in Vail, CO, a nonprofit scientific research organization that over the past 3 years has been looking at groups of people with MS over a 5-day period. During these sessions, each person undergoes evaluation of cardiovascular fitness while learning principles of exercise, stress management, nutrition, and coping techniques. Each is given an exercise prescription with the idea of increasing cardiovascular fitness.
By using the Heuga Center protocol, a number of questions concerning fitness for persons with MS can be investigated. A pilot study was done at the Fairview Multiple Sclerosis Center in Minneapolis, MN, the goal of which was to examine whether or not cardiovascular fitness could be improved in persons with MS.
Methods
Twenty-five patients in the experimental (exercising) group were matched for age, sex, and disability status to 25 patients in the control group. Each subject (experimental and control) was evaluated with a supine 12-lead baseline electrocardiogram (EKG) followed by a test of cardiovascular fitness utilizing the Schwinn Air-Dyne ergometer calibrated at 25-W increments of work load. The ergometer was equipped with special foot supports to prevent injury resulting from clonus or muscle spasm. After a pretest blood pressure measurement and a warmup, the subject began to exercise at 25 W. The workload was increased by 25 W every 2 min. Heart rate, blood pressure, and rating of perceived exertion (RPE) (9-11) were recorded during the last 30 s of each stage. The patient was checked for the onset of hyperventilation by his/her ability to comfortably carry on conversation. The patient was asked to report the RPE associated with the onset of apparent hyperventilation. In this manner, an approximation of the exercise intensity corresponding to a subanaerobic threshold training level determined by RPE was obtained. Given the problems experienced by the MS person at maximal work load, it was not desirable to reach that level. Each person was permitted a minimum of 5 min of recovery at a work load of less than 25 W; blood pressure and heart rate were monitored immediately after exercise and at 1, 2, and 3-5 min of recovery.
A target heart rate training zone of approximately 65-80% of maximum achieved heart rate was obtained during the test. This was calculated to correspond to the prescribed RPE. A three-channel EKG was monitored throughout the exercise. This protocol was designed to demonstrate clearly to the individual an awareness of the prescribed intensity of aerobic exercise.
Periodic neurological examination was made and flexibility, blood cholesterol, high-and low-density lipoproteins, triglycerides, skinfold thickness, and psychological testing were monitored as will be described in subsequent reports.
After the 50 participants were tested, they were each told into which group (exercise versus control) they had been randomly placed. The exercise group was given lectures on the philosophy of exercise, nutrition, and stress management. Each subject received an individualized written exercise prescription based on his/her test data. Each exercised approximately 15-30 min four to five times per week for 16 weeks. Interactive sessions with the therapists occurred at intervals throughout. The control group was told to continue to live as they had in the past. After the 16-week observation period all 50 people (exercise and control) were retested. The examiners doing the testing were blinded as to which group each person belonged.
Results
As a consequence of exercise-induced angina, one subject was lost from the experimental group. One control subject was lost to follow-up evaluation but did undergo post-test fitness testing. Twenty-four subjects in each group were thus available for study.
Age, Sex, and Disability Status of Experimental and Cons Groups
The groups were well matched for disability status as measured in the Expanded Disability Status Scale (EDSS) : experimental, 3.62 ± 1.9 and controls, 3.5 ± 2.1 ( Table 1 ). Men and women within each group did not differ significantly with respect to their level of disability (Table 1 ).
The data in Table 2 also show that both groups can be evenly divided into two subgroups-those with EDSS below and including 3.5, and those with an EDSS above 3.5. The groups are well balanced with respect to this division, with exactly one-half of the subjects having an EDSS below and including 3.5. The following are three factor analyses of variance: group (experimental versus control), X severity (low Table 1 Men and women within each group were also not significantly different. versus high disability), and X pre-and post-training period design. Pre-and post-test evaluation of total body weight, percent body fat, recovery of heart rate at 1, 3, and 5 min, grip strength, total cholesterol, high-density lipoprotein cholesterol (HDL-C), total cholesterol/HDL-C, low-density lipoprotein cholesterol (LDL-C), and triglyceride revealed no significant differences between experimental and control groups.
Graded Exercise Time
Graded exercise time (GET) is defined as the total time of exercise up to the level of anaerobic exercise threshold, or an RPE of 7-very hard exercise. Greater fitness is associated with the ability to exercise for a longer period of time.
Experimental and control groups did not differ significantly from each other before the training period (10.13 ± 6.64 min vs. 9.85 ± 4.46 min, respectively, p = 0.79). Subjects with a low EDSS had a significantly higher GET than those with a high EDSS (12.63 ± 3.75 min vs. 7.35 ± 3.62 min, respectively, p < 0.0001), as expected (Table 3) .
Post-GET increased in comparison to pre-GET in both (low and high EDSS, experimental versus control) groups (10.24 ± 4.51 vs. 9.74 ± 4.26, p = 0.03).
The control group did not differ significantly from each other. The influence of the training or observation period on EDSS was not significant on either experimental or control group (Table 3) Table 4 .)
Examination of the change in WLA in relation to disability category (Table 5 ) reveals that the major change in WLA was contributed by the low-disability group. However, the difference between low-and high-disability groups was not significant. Categorization of work-load data into increments of 25 W (the unit of work load measured) for lowand high-EDSS groups ( Table 6 ) reveals that improvement in WLA was usually very modest at 25 W. The majority of experimental low-and high-EDSS subjects did not experience a change in post-test WLA. When the effects of disability category are controlled, the trend toward improved fitness in the experimental group is statistically nonsignificant (p -= 0.081) by the Mantel-Haenszel Chi Square Test. In Table 7 , the above data are collapsed for purposes of calculating odds ratios. Table 6 shows that the odds of improving fitness by at least 25 W are 3.2 times greater for the experimental than the control group when these subjects are drawn from the low-EDSS category. For the high-EDSS category, the odds ratio is 1.8 times greater for the experimental than the control group.
Discussion
This study demonstrates that persons with MS were able to participate in a cardiovascular exercise training program for a period of 16 weeks without any increase in disability. This result suggests that bSignificantly different at p < 0.0001.
''Both groups improved significantly (p = 0.03).
individuals with MS may engage in a modified regular exercise program without adverse effect, and as a result diminish the adverse consequences of their immobility.
The improvement in cardiovascular fitness was modest, with a majority of subjects in all categories of disability improving by the smallest measurable increment (25 W). The assessment of effects would have been more sensitive with continuous, rather than discontinuous, measures of WLA and smaller incremental work loads.
Those subjects with a high degree of disability were least likely to improve WLA. These data are similar to those obtained in exercising paraplegics with high spinal cord lesions. Subjects who are unable to exercise a large mass of muscle cannot increase their oxygen uptake sufficiently to adequately stimulate the cardiopulmonary system. Therefore, training subjects with a high degree of disability is unlikely to produce an increase in cardiovascular fitness.
None of the above addresses the question of how hSignificantly different at p < 0.0001. cp = 0.007. 'Not significant. 
Conclusions
Persons with MS (n = 24) participating in a 16week exercise program designed to improve cardiovascular fitness experienced a modest (10%) improvement in fitness measured as work load achieved on a Schwinn Air-Dyne ergometer, in comparison to 24 matched controls (p = 0.007). Categorization of data revealed that those with low disability (EDSS, 3.5) accounted for the improvement in fitness. When the effects of disability category are controlled, the trend Table 6 . A categorical data analysis of pilot study work load change by experimental group attd disability category ' toward improved fitness in the experimental group is statistically nonsignificant. The disability status of exercising or control subjects (p = 0.081) did not change over the 16-week observation period. , Future investigations of the influence of improved cardiovascular fitness on persons with MS are indicated and should utilize subjects with low disability. Those with low disability are more likely to show Table 7 . Analysis of improvement in fitness as a dichofotttotss vcrriable: pilot study data by experimelltal group mrd disability category . larger improvements, but this may not affect the quality of life of those individuals. This also needs further testing.
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